of change in a wide range of physiological functions using highly sensitive and relatively noninvasive methods that are amenable to longitudinal studies in very Single-gene mutations can produce human progeroid large populations of middle-aged subjects (Martin, syndromes-phenotypes that mimic usual or "norma2002a). Given such data, genetic methods such as sibtive" aging. These can be divided into two classespair analysis (Szatkiewicz and Feingold, 2004) have the those that have their impacts upon multiple organs potential to uncover subsets of alleles that modulate and tissues (segmental progeroid syndromes) and aging as it usually unfolds, at least for those phenothose that have their major impacts upon a single ortypes that are not modulated by hundreds of alleles gan or tissue (unimodal progeroid syndromes). The with very small effects. But this is a review that must prototypic example of the former is the Werner synawait a decade or more of progress. Meanwhile we drome, a condition caused by mutations of the RecQ have to make the most of what we can from reports family of DNA helicases. Research on the Werner synof deleterious mutations. Fortunately, there is a strong drome and a surprising number of other progeroid rationale for this approach-namely that for every allele syndromes support the importance of the maintethat codes for a defective protein or suboptimum regunance of genomic stability as a partial antidote to lation, there can exist, in principle, alleles with functions aging. The prototypic examples of the latter are Alzsuperior to those of wild-type, including alleles that heimer type dementias. The three gene products that provide enhanced functions late in the life course. This cause rare autosomal-dominant early-onset varieties is predicted by the evolutionary theory of aging, as of these disorders all participate in the modulation of "good" alleles as well as "bad" alleles can escape the the ␤ amyloid precursor protein. They thus support force of natural selection (Martin, 2002b). In short, the the importance of the maintenance of proper protein discovery of genes that lead to unsuccessful aging can processing and folding as a partial antidote to aging. lead us to the discovery of variants that can lead to unusually successful aging.
geriatric patients.) While the discovery of a "public the identification of the mutant locus as a member of the RecQ family of helicases. Affected patients are homechanism of aging" in C. elegans, Drosophila melanomozygous or doubly heterozygous for null mutations gaster, and Mus musculus domesticus is of great imassociated with truncated gene products missing their portance (Partridge and Gems, 2002), the leaky mutanuclear localization signals. The WRN helicase is untions that formed the basis for these discoveries can usual in that it is the only one of five members of the be interpreted as reporting on genetic pathways that human family that includes an exonuclease domain. evolved to maintain a high degree of somatic main- what is observed in the somatic cells of human subThe result is short stature as an adult (but not as a jects. Such "humanization" revealed a variety of phenoschoolchild). Other features (see Figure 1) , 2003) . These paopment, clitoromegaly in females, premature development of the phallus in males, hirsutism, hyperhidrosis, tients are hypersensitive to ionizing irradiation, so that radiation treatment for neoplasia is problematic. and acanthosis nigrans. These symptoms are associated with a voracious appetite. There is "a price to pay," Affected patients are homozygous or doubly heterozygous for a range of mutations leading to a deficiency however, as they go on to develop increasing levels of insulin resistance and diabetes mellitus, hypertriglyceriof an unusually large protein kinase that is at a nodal demia, hypertrophic cardiomyopathy (sometimes assotional network that acts in liver and in pancreatic β cells ciated with anginal symptoms), nephropathies (Javor et later decades of the life course. Our collective goal can be referred to as senescent phenotypes. We have should be to discover the "Achilles heels" that we each adopted a broad definition of such phenotypes, one bear and to implement programs of diagnosis, preventhat relies upon the evolutionary biological theory of tion, and therapy to trump our special vulnerabilities as aging. In brief, one might reasonably claim that any we age. phenotype, "public" or "private," that escapes the force of natural selection can be interpreted as a senescent phenotype. Evolutionary theory predicts the essentially
